is predictable, however, that the limitations of these studies will encourage stroke researchers and industry to test endovascular treatment/therapy (EVT) efficacy in new trials.
In Catalonia, EVT was performed regularly from 2009 onward. However, the lack of well-established evidence prompted the Stroke Program (a section of the Health Department of Catalonia) to monitor such therapy as a measure of caution through a mandatory registry. The Web-based registry SONIIA (Sistema Online d'Informació de l'Ictus Agut) was set up in January 2011. The main goals of this study were to assess outcomes of EVT overall and by patients' subgroups in a prospective cohort of consecutive patients with AIS and to identify independent predictors of clinical outcomes.
Methods

Study Setting
This observational, multicenter study is based on prospectively collected data from consecutive patients with AIS treated with EVT (with/ without previous IVT) from January 2011 to December 2012. Completeness of the series available in the SONIIA registry was externally monitored by members of the Stroke Program not involved in clinical practice. Undeclared cases were retrospectively included in the registry (for further details, see Methods and Figure I in the online-only Data Supplement).
Within the study period, acute stroke care in Catalonia was based on a network of 17 treating hospitals, including 7 comprehensive stroke centers (CSCs), 7 primary stroke centers (PSCs), and 3 community hospitals operating on a telestroke system. All 3 levels have capacity to deliver IVT, whereas CSCs perform all EVT. CSCs share some professional resources (mobile neurointerventional teams) so that every day, 4 CSCs offer a 24-hour service to cover the whole Catalan territory. Furthermore, each CSC has a 24-hour, onsite neurologist who is responsible for prealerting the neurointerventional team. This team includes a vascular neurologist who establishes the need of EVT following a common protocol (for further details see Methods and Table  I in the online-only Data Supplement). Briefly, all patients with AIS with no contraindication for IVT who arrive within the first 4.5 hours receive the standard dose of recombinant tissue-type plasminogen activator (0.9 mg/kg) at their local centers (either community hospitals through telestroke, PSCs or CSCs). Patients refractory to, or ineligible for, IVT (including stroke onset beyond 4.5 hours, unknown onset, or wake-up stroke) are preselected for EVT according to clinical criteria (National Institutes of Health Stroke Scale [NIHSS] ≥10 or suspicion of large-vessel occlusion). Subsequently, at the CSC, EVT indication is based on demonstration of a large-vessel occlusion by noninvasive vascular imaging and presence of signs of limited early infarction before transferring the patient to the angiosuite. Multimodal imaging (MRI or computed tomography perfusion) is recommended in patients beyond 4.5 hours from stroke onset. The specific interventional modality (intra-arterial thrombolysis, mechanical thrombectomy, or a combined approach) and application of anesthesia or conscious sedation are up to the interventionalist preference.
The SONIIA registry satisfies all legal requirements mandated by the local law of protection of personal data. The study was performed according to local ethical guidelines and with the corresponding patient's permission (for the endovascular procedure and data entry in the registry).
Definition of Patients' Subgroups
The registry includes a reduced core set of clinical and angiographic variables. At baseline, we record age, sex, prestroke medical and functional status, clinical data (time of stroke onset and NIHSS, obtained by certified neurologists), and specific details about the endovascular procedure (onset-to-groin puncture [OTP] , treatment modality, and preprocedure and postprocedure angiographic data). At 24 to 36 hours, we record the NIHSS, the occurrence of symptomatic intracerebral hemorrhages (SICH) as defined per the SITS-MOST protocol, 6 and the occurrence of death. At 3 months, the survival and functional status (modified Rankin scale [mRS] ) are obtained by face-to-face or telephone-based interviews performed by local, unblinded, certified investigators.
Patients' subgroups were defined as follows: (1) age at stroke onset up to 80 years versus patients >80 years; (2) anterior circulation versus posterior circulation strokes; (3) primary EVT (EVT alone) versus EVT and previous IVT; (4) OTP up to 6 hours versus OTP beyond 6 hours; and (5) revascularization (as defined by a modified TICI score 2b-3 at the end of the EVT) versus no revascularization. Preprocedure and postprocedure angiograms were evaluated and classified by local investigators in each center.
Outcome Measures
Clinical outcome variables were agreed on prehoc by a reduced group of local stroke leaders: (1) SICH was defined as the percentage of EVT patients that developed a symptomatic cerebral bleeding (SITS-MOST definition) 6 within the first 24 to 36 hours postprocedure. (2) All-cause mortality at 3 months (fatal outcome). (3) Functional independence (good outcome): percentage of patients with EVT who achieved functional independence at 3 months poststroke, as established by a modified Rankin Scale ≤2.
For patients declared lost to follow-up at 3 months by local collaborators, efforts were made to retrieve vital and functional status. When 3-month outcomes could not be retrieved, the worst possible outcome was assigned (ie, patients with survival unknown were declared dead, and those known to be alive but with missing mRS values were assigned an mRS of [4] [5] . Patients with missing radiological follow-up at 24 to 36 hours were recorded as SICH positive if there was neurological worsening at 24 to 36 hours (NIHSS increase of ≥4 points at 24-36 hours).
Statistical Analyses
We excluded patients with diagnostic-only angiographies because inclusion of such cases was not complete, thus preventing us from an intention-to-treat analysis. We described frequencies and means (SD) or medians (first and third quartiles) for all baseline clinical and angiographic characteristics and compared them by patients' subgroups using χ 2 test, t test, or Kruskal-Wallis test, as needed. We described outcomes using frequencies and 95% confidence intervals (95% CIs) and compared them by patients' subgroups using χ 2 test. Odds ratios (ORs) for the association of relevant subgroups with outcomes were estimated using logistic regression models adjusting for age, NIHSS, and OTP. OTP was dichotomized (OTP ≤ or >6 hours) when entered as a variable of interest. To identify independent predictors of good and fatal outcomes at 3 months, we performed stepwise logistic regression using a backward selection algorithm with a threshold significance level of 0.2 for removal from the model. Dichotomized subgroups variables were forced in the models together with other candidate variables that were selected on the basis of a significance level <0.2 in bivariate comparisons.
All analyses were performed with STATA version 11.0.
Results
The study included 536 patients with AIS who underwent EVT.
Mechanical thrombectomy was performed in 485 (90.5%) patients, 40 (7.5%) had combined pharmacological-mechanical approaches, and the remaining 11 (2.0%) had intra-arterial thrombolysis. Mean age of patients was 67.5 (±13.4) years, 294 (54.9%) were males, and the median baseline NIHSS was 17.5 (13, 21 Figure 1 ). Lower mortality rates at 3 months were seen in patients with anterior circulation strokes and among those ≤80 years (Table 1) . Furthermore, patients >80 years of age showed a reduced rate of good functional outcome (17.3% versus 47.9%; P<0.001). Figure 2 illustrates the ORs for the association of relevant subgroups with SICH, fatal, and good outcome at 3 months after adjustment by age, baseline NIHSS, and OTP.
Logistic regression models to look for predictors of good and fatal outcome at 3 months were performed. Revascularization was the strongest independent predictor of both good (OR: 8.12; 95% CI: 4.6-14.3) and fatal outcomes (OR: 0.21; 95% CI: 0.13-0.34; Table 2 ). Aside from revascularization, stroke severity (NIHSS >14), hypertension, and age >80 years showed a deleterious, independent effect on good outcome, whereas atrial fibrillation increased chances of good outcome. Independent predictors of mortality included age >80 years and hypertension, which increased the risk of death, whereas anterior circulation strokes and prestroke mRS <2 reduced the risk of death. Because revascularization is also an intermediate outcome, we run the models without inclusion of revascularization. The resulting models retained all the independent predictors shown by the initial models with the addition of OTP ≤6 hours that predicted good outcome (OR: 1.75; 95% CI: 1.11-2.77). Figure 3 shows the estimated probability of good outcome by time until groin puncture and by categories of baseline NIHSS.
Discussion
This observational study is likely to be among the largest prospective cohorts of patients with AIS treated with EVT. Remarkably, all patients were recruited within a 2-year time span. This must be taken into account because interhospital variability in terms of the specific endovascular procedures and mechanical devices used and the clinical protocols applied were likely to be of marginal influence, making the cohort homogeneous. Furthermore, the particular conditions under which the study was performed (mandatory declaration and subsequent external monitoring to guarantee consecutive inclusion) together with involvement of all CSCs within Catalonia make this series of patients fully representative from a territorial perspective and in terms of results.
Our study shows different clinical outcomes by patients' subgroups and points out revascularization as a critical Percentages of good and fatal outcomes according to revascularization in Rha's review and our study are similar, with good outcome rates ≈51% to 54% in case of revascularization (11% to 14% in nonrevascularized) and fatal outcomes seen in 12% to 15% of patients achieving revascularization (41% to 42% in nonrevascularized). Timing of revascularization is also crucial, with evidence showing that good outcome after technically successful angiographic revascularization is time dependent. either parts of 9 or the whole time interval until revascularization. 10 The results of our large prospective cohort point in the same direction: significantly and consistently better clinical outcomes when revascularization is achieved, and increased odds of good outcome the shorter the OTP is. Additionally, our data show a sustained relationship between OTP and good outcome regardless of the baseline NIHSS category (Figure 3) .
In this study, coexistence of atrial fibrillation doubled the chances of being independent at 90 days. The association of atrial fibrillation with revascularization after IVT has been reported previously, 11 and might be pointing at a specific stroke pathogenesis or clot composition that is more easily broken up by the action of thrombolytic or endovascular therapies. 12 However, another recent article showed evidence of the opposite; that is, increased likelihood of successful revascularization after EVT of intracranial occlusions secondary to a proximal carotid artery stenosis or occlusion, compared with cardioembolic and cryptogenic strokes. 13 In our study, neither an interaction nor a confusion effect of anticoagulation on such association was found, suggesting a true association of atrial fibrillation with functional independence.
The "time-is-brain" concept supports the idea that pretreatment with IVT might favor better final outcomes because patients undergoing IVT in the first place would benefit from a straightforward and quicker approach.
14 However, a recent meta-analytic review of reperfusion therapies showed no differences in outcomes across reperfusion strategies. 15 Similarly, our study does not show an association between previous IVT and better outcomes, despite shorter OTP times in this subgroup. Whether this finding was related to a rescue therapy (in patients with documented persistent occlusion) rather than a bridging approach in our series is unknown. In considering functional independence rates in our cohort and those of recently published trials, 3, 4 it is worth mentioning that, in our cohort, all patients were selected for EVT according to vascular and radiological criteria not generally applied in such trials, therefore making direct comparisons inappropriate.
Our registry includes a limited number of variables. We do not collect enough data to get into details on futile recanalization, but in our study, the mismatch rate between recanalization and good outcome was 30.6%, 16 a proportion that would be in the lower edge range of futile recanalization rates reported by [17] [18] [19] [20] [21] Another aspect not recorded in our registry is that referring to specific details of the endovascular procedure, such as the use of antithrombotic medication during the procedure, the brand name of the mechanical device deployed in each case or the number of passes. Considering the effectiveness profile of diverse mechanical devices, with the stent-retrievers, Solitaire and Trevo, [22] [23] [24] [25] showing better outcomes compared with the former Merci retriever, 26, 27 these data would have been useful. A retrospective review of devices used throughout the study period by our CSCs showed rates >85% for the Solitaire and Trevo devices in all hospitals but one, where the rate dropped to 53%. Thus, the results of our cohort would be largely attributable to the Solitaire and Trevo systems, although individual associations cannot be performed. A key limitation of this study is the absence of a contemporary control group, but the SONIIA registry was designed to recruit only information about patients undergoing specific reperfusion therapies. Similarly, pre-and post-EVT TICI scores and clinical outcomes were assessed by unblinded, although certified, stroke professionals. Finally, we cannot report on the total numbers, or reasons, whereby patients thought to be EVT candidates eventually failed to undergo EVT (after assessment at CSCs) since such cases were not consecutively registered. This study has some strengths, too. First, it is a population-based study because EVT for AIS is not available outside the designated CSC and, thus, there were no patients undergoing endovascular therapy outside the network of stroke centers involved in the study. Moreover, the preplanned, external monitoring of the registry was established to guarantee completeness of the series and, thus, avoid inclusion bias. As a consequence, our cohort of patients with EVT represents the complete endovascular activity for AIS in our territory throughout the study period. Finally, it is relevant to say that the study period (January 2011 to December 2012) reflects stroke care in the pre-IMS III era, 4 a time when EVT was fairly widespread across Western countries despite lack of firm evidence. This main reason justifies why the Catalan Health Administration required mandatory declaration of such therapies to a registry.
Conclusions
This observational, population-based study adds evidence for the pivotal role of revascularization and time to treatment in patients with AIS treated with EVT. It also shows that age and stroke severity, along with some patients' features (particularly atrial fibrillation and hypertension), independently predict outcome after EVT. Importantly, these findings are based on a large cohort of contemporary patients with stroke treated with EVT in a closed territory, therefore illustrating real outcomes of current interventional stroke care. This correction has been made to the online version of the article, which is available at http:// stroke.ahajournals.org/content/45/4/1046.
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Study design and patient population
The SONIIA registry is an ongoing, web-based registry that includes prospective data from all patients undergoing reperfusion therapies for AIS in Catalonia since January Within the study period, acute stroke care in Catalonia was based on a network of 17 treating hospitals, including 7 Comprehensive Stroke Centers (CSC), 7 Primary Stroke Centers (PSC) and 3 community hospitals operating on a telestroke system. All three levels have capacity to deliver IVT while CSCs perform all EVTs. CSCs share some professional resources (mobile neurointerventional teams) so that every day, 4 CSCs offer a 24-hour service to cover the whole Catalan territory. Furthermore, each CSC has a 24-hour, on-site neurologist who is responsible for pre-alerting the neurointerventional team. This team includes a vascular neurologist who establishes the need of EVT following a common protocol (Supplemental Table I ). Briefly, all AIS patients with no contraindication for IVT who arrive within the first 4.5 hours receive the standard dose of rtPA (0.9 mg/kg) at their local centers (either community hospitals through telestroke, PSCs or CSCs). Patients refractory to or ineligible for IVT (including stroke onset beyond 4.5 hours, unknown onset or wake-up stroke) are pre-selected for EVT according to clinical criteria (National Institute of Health Stroke Scale [NIHSS] ≥ 10 or suspicion of large vessel occlusion). Subsequently, at the CSC, EVT indication is based on demonstration of a large vessel occlusion by noninvasive vascular imaging and presence of signs of limited early infarction before transferring the patient to the angiosuite. Multimodal imaging (MRI or CTP) is recommended in patients beyond 4.5 hours from stroke onset. The specific interventional modality (intra-arterial thrombolysis, mechanical thrombectomy, or a combined approach) and application of anesthesia or conscious sedation are up to the interventionalist preference.
Data recorded in the registry
Information contained in the SONIIA registry includes baseline clinical and demographic data, clinical and radiological variables at 24-36 hours post-stroke, and the survival and functional status at 3 months. The registry was designed as a simple tool to gather information about EVT based on a reduced core set of clinical and angiographic variables. At baseline, we collect demographic information (age and sex), pre-stroke medical and functional status, clinical data such as time of stroke onset and stroke severity (measured with the National Institute of Health Stroke Scale, NIHSS, obtained by certified neurologists), and specific details on the reperfusion therapy delivered (date/time of treatment, combined IVT + EVT or isolated EVT, mechanical thrombectomy or intra-arterial pharmacological thrombolysis or both, procedure (EVT) duration, level and degree of arterial occlusion (Thrombolysis in Myocardial Infarction, TIMI), post-procedure modified Thrombolysis In Cerebral Infarction, TICI score). At 24-36 hours, we record the NIHSS, the presence of symptomatic cerebral bleedings (SICH) as defined per the SITS-MOST protocol, 1 and the occurrence of death. At 3 months, the functional status, assessed by the modified Rankin scale (mRS), and the survival are obtained by face-to-face or telephone-based interviews carried out by local certified investigators. Time intervals in this study are defined as follows. The onset-togroin puncture time (OTP) is defined as time elapsed between stroke onset (last time seen well) and groin puncture. For the subgroup of patients undergoing prior IV rtPA we also defined a needle-to-puncture time (NTP= time delay between IVT initiation and groin puncture). The door-to-puncture time (DTP) is time elapsed between arrival at the CSC and groin puncture, and procedure duration is time elapsed between groin puncture and finalization of the endovascular procedure.
Definition of patients' subgroups
Groups were defined post-hoc according to the following criteria: The SONIIA registry satisfies all legal requirements mandated by the local law of protection of personal data. The study was performed according to local ethical guidelines and with the corresponding patients" permission for both the endovascular procedure and inclusion of data in the registry.
Assessment of consecutive inclusion
To establish completeness of the series, and avoid inclusion bias, the registry includes a close external monitoring that is carried out by members of the Stroke Program, otherwise not involved in stroke routine clinical practice. First, we search for stroke patients treated with EVT throughout the period of interest in the Hospitals Discharge Database based on specific 9
th International Classification of Diseases (ICD-9) diagnosis and procedure codes. EVT-treated patients retrieved this way are compared to those included in the registry and undeclared cases (those not included in the SONIIA registry) are further investigated to establish their eligibility (their electronic health records (EHR) checked to ascertain whether or not they underwent EVT for stroke). Confirmed "undeclared" patients are retrospectively included in the registry and together with the prospective inclusions result in the actual sample. After exclusion of patients undergoing a diagnostic-only angiography and duplicates, the resulting sample was used to calculate outcomes reported in this article (Supplemental Figure I) .
Outcome measures
This study analyzed clinical outcome variables that had been agreed on pre-hoc by consensus within a reduced group of local stroke leaders. These outcome measures are: (1) SICH rate as defined by the percentage of EVT patients developing a symptomatic cerebral bleeding (SITS-MOST definition) 1 During the study period, 579 AIS patients undergoing an angiography with the intention to perform an EVT were included in the registry. Of these, 12 cases were detected by the external monitoring process and included retrospectively in the registry. We excluded 2 duplicates and 35 other cases that underwent a diagnostic-only angiography since declaration of such cases was incomplete. The resulting sample contained 32 patients whose 3-month status had been declared lost to follow-up by local investigators. Such cases were further investigated by accessing their Electronic Health Records (EHR). In 6 of 32 cases, all of them foreigners, absence of a health ID card and a fix residence prevented us from obtaining follow-up information or reaching them by phone. Since these cases were considered itinerants, they were finally dropped out. Among the remaining 26, EHR consultation offered information about the survival and functional status at 3 months in 8, the survival status at 3 months only in other 15, and the remaining 3 cases were finally declared lost to follow-up. To note that when 3-month vital/functional situation could not be retrieved, the worst possible situation was assigned.
